Introduction
Gardnerella vaginalis and obligate vaginal anaerobes have been implicated in the pathogenesis of bacterial vaginosis (non-specific vaginitis), the main signs of which include an abnormal vaginal discharge, an increased vaginal pH (pH > 4 5), the liberation of characteristic amines on alkalinisation of vaginal secretions, and the presence of "clue" cells in vaginal fluid. "Clue" cells are vaginal epithelial cells covered by large numbers of Gram negative to Gram variable coccobacilli.l 2 -As is the case in several infections, adhesion of 0 vaginalis to epithelial cells may be an important step in the pathogenesis of bacterial vaginosis. We evaluated variables influencing adhesion of 0 vaginalis to exfoliated vaginal epithelial cells in vitro. The effect of exposure of G vaginalis to subinhibitory concentrations of metronidazole and ampicillin on in vitro adherence was also studied.
Patient, materials, and methods

ORGANISMS AND CULTURE CONDITIONS
We used five strains of 0 vaginalis throughout this Address for reprints: Dr P Piot, Department of Microbiology, Institute of Tropical Medicine, Nationalestraat 155, B-2000 Antwerpen, Belgium Accepted for publication 3 April 1985 study: strain NCTC 10287 (ATCC 10418), and four strains (2301-1, 68931, 68976, and 68977) isolated in our laboratory from patients with signs and symptoms of bacterial vaginosis. The organisms were stored as stock cultures at -70°C in tryptic soy broth (Difco, Detroit, United States of America) with 50%o donor horse serum (Gibco, Paisley, Scotland). Strains were cultured on Columbia agar (BBL, Cockeysville, USA) with 5% human blood at 35°C for 48 hours in an atmosphere containing 5% carbon dioxide. Subcultures were made in 2 ml modified PMD broth (proteose peptone no 3 (Difco) 15 g, maltose (Difco) 10 g, dextrose (Difco) 2 g, disodium hydrogen phosphate 0 008 mol/l water (1 g Na2HPO) (Merck, Darmstadt, Germany) and sodium dihydrogen phosphate 0 007 mol/l water (1 g NaH2PO42H20) (Merck) in 900 ml water; supplemented with 20 g yeast extract (Difco) and 100 ml fetal calf serum (Gibco)) incubated for 24 hours at 350C in an atmosphere of 5%o carbon dixoide.
Before performing the adherence assay, we washed the subcultures three times by centrifugation for 15 minutes at 800 x g in phosphate buffered saline (PBS) pH 7-2 (Oxoid, London, England). The final pellet was resuspended in a volume of Mcllvaine's citrateacetate-phosphate buffer pH 5 -5. This buffer consisted of two solutions: solution A contained citric acid 0 * 1 mol/l water (21 g C6H8071 H20 in one litre of water), and solution B contained disodium hydrogen 391 392 phosphate 0 2 mol/l water (35 -6 g Na2HPO42H2O in one litre of water). Both solutions had 9 g sodium chloride added.
VAGINAL EPITHELIAL CELLS
Throughout the study we used cells from the same donor, who used oral contraception but did not receive any antimicrobial treatment. We obtained the cells by gently scraping the vaginal mucosa with a sterile cotton swab, which was immediately immersed in PBS. The cell suspension was then washed three times by centrifugation for 10 minutes at 150 x g in PBS to remove all vaginal bacterial flora. Finally we resuspended the cells in McIlvaine's buffer pH 5-5, and counted them in a Neubauer counting chamber.
ADHERENCE ASSAY
We measured bacterial adherence by a modification of the methods of several workers.3-6 Samples of 1 ml of standard bacterial suspensions (2-1 x 108bacteria/ml) were mixed with equal volumes of vaginal cell suspensions (105 cells/ml) in small, flat bottomed tubes. The ratio of bacteria to vaginal cells was based on preliminary experiments, which had shown that the enumeration of adherent bacteria was most reproducible at a ratio of 108:10W. The tubes were rotated at 35 rpm at 37°C for 45 minutes in a shaking waterbath.
After the epithelial cells had been incubated, they were washed free of non-adherent bacteria by filtration through a 12 gm polyester filter (Nucleopore) held in a millipore filter holder mounted on the end of a syringe. Each filter was washed with 30 ml PBS. To transfer the cells to slides, the filter was carefully removed from the filter holder and inverted into a drop of PBS on a clean microscope slide. The filters were lifted off the slide after about two minutes.
The slides were air dried, fixed in methanol for five minutes, and Gram stained. The number of bacteria adherent to epithelial cells was counted under a light microscope with a x 1000 objective. In each experiment 50 epithelial cells were counted. All experiments were performed at least twice.
VARIABLES INFLUENCING THE ADHERENCE OF G VAGINALIS
We studied the effect of pH by resuspending the strains of G vaginalis and the vaginal epithelial cells in a McIlvaine's citrate-acetate-phosphate buffer at a pH range of pH 3 to pH 8.
Pretreatment of vaginal cells included incubating the cell suspension at 560C for 30 minutes and ultraviolet irradiation by exposing the cell suspension in an open Petri dish to an ultraviolet lamp for 30 minutes. The distance between the lamp and the surface of the cell suspension was 10 cm, and the irradiation at the surface was 1800 gW/cm2. Cell suspensions were also MPeetersandPPiot treated with 10 mg/i sodium-meta-periodate (Merck) for five minutes at room temperature in 5 ml PBS. The cells were then washed twice in PBS before being resuspended in Mcllvaine's buffer to the required concentration.
Pretreatment of bacteria consisted of temperature, ultraviolet, and periodate treatments as described for the epithelial cells. Pretreatment of bacteria with various sugars was by incubating washed bacteria with the respective carbohydrates at concentrations of 0 1 or 0-2 mol/l PBS. Bacteria were washed before the adherence assay was performed.
We tested the effect of antibiotics on adhesion as follows. We measured minimum inhibitory concentrations (MIC) of metronidazole (Specia NV, Brussels) and ampicillin (Beecham, Brussels) for each bacterial strain by using a macrobroth dilution method. Serial dilutions of either compound were prepared in 2 ml PMB broth supplemented with 2% yeast extract and 10% fetal calf serum. The tubes were inoculated with 106 bacteria/ml and incubated for 24 hours at 35°C in an atmosphere of5% carbon dioxide. The MIC was defined as the lowest concentration of antibiotic that inhibited visible bacterial growth. We performed adherence assays with strains of G vaginalis grown in the presence of metronidazole or ampicillin at concentrations corresponding to one half, one quarter, or one eighth of the MIC of each antimicrobial.
All experiments included a control, which consisted of an adherence assay of untreated epithelial cells and bacteria performed at the same time.
STATISTICAL METHODS
We obtained the variation of the distribution by calculating the standard error of the mean. The significance of differences between means was analysed using the Kruskal-Wallis test, as the data were not normally distributed and a transformation did not bring the differences between the variances to an acceptable level.7
Results
INFLUENCE OF pH ON ADHERENCE
Adherence of G vaginalis was maximum at pH 5 to 6 and declined at pH values below and above this range (fig 1) . Based on these results, we performed all adherence studies at pH 5*5. The number of adherent bacteria at these conditions varied between 8-4 and 17 * 4/cell.
PRETREATMENT OF BACTERIA AND EPITHELIAL CELLS
Pretreatment of G vaginalis with mild heat and ultraviolet irradiation caused a significant (p < 0 005) drop in the attachment of the organism to the vaginal (14) 135 (28) 78 (17) 91 (1) Ultraviolet irradiation 50 (18) 99 (18) 81 (16) 32 (9) 103 (14) Sodium-meta-periodatet 22 (5) 27 (7) 32 (6) 27 (8) 33 (8) * Mean bacteria/cell as percentage of untreated control. ampicillin at subinhibitory concentrations did not alter the capacity of adhesion of the four strains of G vaginalis (data not shown).
Discussion
The study reported here confirms that G vaginalis has a good capacity to 
